1. INTRODUCTION {#sec1}
===============

The demographic and epidemiologic projections have indicated growth in longevity worldwide in the coming years \[[@r1]-[@r3]\]. A critical distinction is between 1900, when only 4.1% of the 76 million people in the United States were [\>]{.ul} 65 years old, 1950 with 8% of the total population under the same age, and 2000 with a percentage that had increased to 12.6% \[[@r4]\]. These numbers are enhancing worldwide since fertility and mortality rates are declining in most countries \[[@r5], [@r6]\]. Aging is also linked with the coexistence of two or more chronic medical conditions, known as multimorbidity \[[@r7]-[@r9]\] leading to interactions between multiple disorders as well as among treatments prescribed for different disorders \[[@r9]-[@r12]\]. The geriatric-related health issues comprise multiple medical conditions such as hypertension, stroke, sleep disorders, among others \[[@r6], [@r13]-[@r18]\].

2. SLEEP MEDICINE AND AGING {#sec2}
===========================

The sleep-wake cycle is a complex biological phenomenon that involves the interaction of multiple complex neurobiological networks, including neuroanatomical, neurochemical, and genetic factors \[[@r19]-[@r24]\]. Normal sleep comprises two states, Non-REM (NREM) sleep, that has three phases (N1 to N3), and Rapid Eye Movement sleep (REMS). However, during aging, sleep displays aberrant features \[[@r25]-[@r29]\]. The sleep disorders have been classified by the American Academy of Sleep Medicine into the "International Classification of Sleep Disorders -third edition" (ICSD-3). Amongst the most common sleep complaints in the aged population are insomnia and excessive daytime sleepiness (EDS) or hypersomnolence \[[@r30]-[@r37]\].

Insomnia has been classified in several subtypes by polysomnographic studies and additional criteria. Sleep onset insomnia (persistent difficulty in sleep initiation), sleep maintenance insomnia (difficulty to maintain sleep during nighttime), early morning insomnia (identified with early morning awakenings), and psychophysiological insomnia (cognitive and behavioral elements, stress, intrusive thoughts, and attention bias) are reported in aging.

Based on the duration, insomnia is categorized in transient (few insomniac episodes before or during a stressful experience), short-term (events presented along a few weeks during an extended period of stress), or chronic (sleep disturbance and associated daytime symptoms have been present for at least three months) \[[@r30], [@r31], [@r36]\]. Remarkably, chronic insomnia affects 57% of the elderly in the USA \[[@r37]-[@r39]\].

On the other side of the coin, EDS is understood as the irresistible tendency to fall asleep during daytime \[[@r25], [@r27], [@r34], [@r40]\]. The diverse causes that originate EDS include, for instance, obstructive sleep apnea (interruptions in breathing during sleep for \> 10 s leading to intermittent, partial (hypopnea), and/or complete (apnea) collapse of the upper airway during nighttime). Because of obstruction, any inspiratory effort causes snoring. In turn, this issue is commonly associated with the awakening of the subject across nighttime leading to sleep fragmentation. On the next day, and as a consequence, sleep fragmentation produces EDS \[[@r41]-[@r43]\], which is very common in older adults \[[@r44]-[@r47]\].

An additional sleep disturbance in aging is the periodic limb movement disorder (PLMD), characterized by repetitive cramping or jerking of the legs during sleep. PLMD is another cause of EDS \[[@r46]-[@r50]\]. Patients complaining of PLMD show involuntary and stereotypical movements of their limbs while they sleep. The movement of limbs across night induces recurrent awakenings that limit sleep consolidation and eventually, causes drowsiness on the next day. The prevalence of PLMD is higher among older adults \[[@r51]-[@r53]\].

Lastly, the neurodegeneration of a cluster of neurons located into the lateral hypothalamus, named orexin or hypocretin, seems to be the origin of the sleep disturbance named narcolepsy \[[@r54]\]. The core symptoms of this disease comprise extreme sleepiness (sleep attacks) during daytime and cataplexy \[[@r28], [@r54]-[@r56]\]. Although narcolepsy has been normally found during the adolescence, recent data have suggested the putative link between hypocretin/orexin and aging \[[@r57]-[@r61]\].

Currently, most of the sleep disturbances reported in aged subjects are managed by pharmacological interventions. Medical prescriptions for the elderly include antidepressants, antihistamines, sedative-hypnotics, among others \[[@r41], [@r49], [@r51], [@r53], [@r54], [@r62], [@r63]\]. However, since the study of the properties of the endocannabinoid system in modulating wider spectrum of neurobiological phenomena, we would like to highlight the putative use of the endocannabinoid system elements in sleep disorders during aging.

3. THE ENDOCANNABINOID SYSTEM {#sec3}
=============================

During the 1990s, several experimental approaches were designed to describe the transmembranal proteins that pharmacologically responded to the principal compound of *Cannabis sativa*, the delta-9-tetrahydrocannabinol (Δ^9^-THC). At this date, it is widely accepted that the receptors that respond to Δ^9^-THC are CB~1~ and CB~2~ cannabinoid receptors \[[@r64]-[@r67]\]. In addition, the presence of both receptors has been mapped in different organs, including the human brain \[[@r68]-[@r71]\].

Next, the quest of the endogenous ligands that naturally bind to these receptors leads to the discovery of the first agonist to the cannabinoid receptors named arachidonoylethanolamine or anandamide, and in later years, the second lipid with cannabimimetic properties was described: 2-arachidonylglycerol (2-AG) \[[@r72]\]. Currently, the family of the endocannabinoids comprises different compounds aside anandamide and 2-AG, such as virodhamine, noladin ether, and N-arachidonyldopamine \[[@r73]-[@r77]\]. In addition, the endocannabinoid system is integrated by several molecular elements, including the enzymes that synthesize/degrade anandamide (fatty acid hydrolase \[FAAH\]) or 2-AG (monoacylglycerol lipase \[MAGL\]), the anandamide membrane transporter (AMT) and the receptor channel TRPV1 (Transient Receptor Potential Vanilloid 1; \[[@r78]-[@r82]\]). Along the decades, preclinical studies have shown that the endocannabinoid system exerts critical neurobiological functions, some of them, with clinical relevance, including the control of the sleep-wake cycle \[[@r80], [@r83]-[@r93]\].

4. THE ENDOCANNABINOID SYSTEM IN HEALTH ISSUES {#sec4}
==============================================

Multiple experimental models strongly suggest that the endocannabinoid system plays a critical role in numerous pathologies. Converging preclinical experiments, including a wider spectrum of data, from modulating the endogenous tone of anandamide, to the treatment with a direct CB~1~ cannabinoid receptor agonist/antagonist, the pharmacological inhibition of the FAAH, or the genetic deletion of cannabinoid receptors, have been shown to control adverse medical conditions, such as schizophrenia, and ataxias. Amongst these pathological issues, important advances have been achieved in neurodegenerative disorders, including Parkinson´s and Alzheimer disease \[[@r94]-[@r101]\]. Yet the hypothesis that the endocannabinoid system might be critically involved in ongoing pathologies associated with aging, such as sleep disorders, has been dismissed. However, an accumulating body of evidence is providing pieces to the puzzle to appreciate the putative role of the endocannabinoid system in the modulation of sleep disorders in the elderly.

5. AGING AND THE ENDOCANNABINOID SYSTEM {#sec5}
=======================================

It is often argued that aging is associated with multiple deteriorating medical conditions, such as neurodegenerative disorders, leading to the dysregulation of endogenous neurochemical compounds. In this regard, the levels of anandamide and 2-AG have been described increased in Parkinson´s disease patients compared to respective healthy subjects \[[@r102], [@r103]\]. Complementary, it is worth to emphasize that in patients with Alzheimer´s disease, the FAAH gene expression has been found higher compared to age-matched controls \[[@r104]-[@r106]\]. Furthermore, the lack of the CB~2~ cannabinoid receptors has been linked with schizophrenia-like pathologies whereas contents of anandamide are significantly enhanced in schizophrenic patients compared to respective controls \[[@r107]-[@r110]\]. Taken together, these data obligate us to address an important question that remains to be answered: Are the health disturbances the cause or consequence of the disruption of the endocannabinoid system functioning? While pertinent experimental approaches are aimed to addresses this concern, the body of evidence suggests that there is a neurobiological role of the endocannabinoid system in aging processes, including perhaps, sleep disturbances.

6. THE ENDOCANNABINOID SYSTEM MODULATING THE SLEEP-WAKE CYCLE {#sec6}
=============================================================

Significant achievements have been obtained by describing the modulatory role of the endocannabinoid system in the sleep-wake cycle. Pharmacological evidence from experiments on central or peripheral administrations has shown that elements of the endocannabinoid family participate in sleep control. For example, pioneer studies by the laboratory of Gerard Le Fur \[[@r111]\], Vincent Santucci, and coworkers demonstrated that the systemic injections of the CB~1~ cannabinoid receptor antagonist SR 141716A (0.1, 0.3, 1, 3 and 10 mg/Kg) increased the time spent in wakefulness (W) while decreased slow-wave sleep (SWS) and REMS whereas opposite results were described by our group in 1998 after icv injection of anandamide \[[@r112]\]. Remarkably, the sleep-inducing effects of anandamide were blocked by SR141716A \[[@r113]\].

Another element of the endocannabinoid system involved in sleep modulation includes the FAAH. This assumption is supported by studies in which administrations either icv or into the lateral hypothalamus of URB597, a relatively selective inhibitor of FAAH, enhanced W and decreased SWS during the lights-on period \[[@r114], [@r115]\]. Previous findings have indicated that injections of URB597 enhance waking and decrease sleep. An unexpected result since one might think that inhibition of FAAH should increase anandamide contents and then, facilitates sleep onset. However, data suggest that the effects on sleep caused by UR597 might be due to the accumulation of oleoylethanolamide (OEA) and/or palmitoylethanolamide (PEA) since FAAH also synthesizes both lipids in greater amounts compared to anandamide. In line with this idea, our group demonstrated that the administration of OEA or PEA increases wakefulness and reduces SWS and REM sleep mimicking URB597´s effects \[[@r114], [@r115]\]. Lastly, OEA behaves as an agonist with high-affinity to the PPAR-α \[[@r116]\], raising the possibility that PPAR-α could be the mechanism of action of OEA to induce waking \[[@r117], [@r118]\]. Further studies have also shown that additional system are engaged in the pharmacological effects on sleep of URB597, OEA or PEA, including the dopaminergic neurotransmission \[[@r114], [@r115], [@r117], [@r118]\].

In another set of experiments in which rats received AMT inhibitors, VDM-11 or OMDM-2, REMS was increased \[[@r119], [@r120]\]. This data suggested that REMS promotion could be as a consequence of the enhancement in the endogenous contents of anandamide.

To elucidate the role of the CB~1~ cannabinoid receptor, FAAH and AMT in sleep homeostasis, experimental animals were subjected to total sleep deprivation and they received before the sleep rebound period, systemic injection of either SR141716A, URB597, or VDM-11 (5, 10, 20mg/Kg; ip; separately each one). As expected, SR141716A and URB597 blocked the sleep rebound whereas VDM-11 exerted opposite effects \[[@r121]\].

Finally, what might be the role of the endocannabinoid system in sleep medicine? The fact that anandamide has been associated with sleep apnea \[[@r86], [@r122]-[@r124]\] points to the possibility that the CB~1~ cannabinoid receptor, FAAH, MAGL, or AMT may be also related to sleep disorders and they could act as criteria for diagnostic sleep disturbances.

Thus, the information available allows us to identify the elements of the endocannabinoid family as candidates for sleep control. Nevertheless, there is a lack of data demonstrating whether the endocannabinoid system may control sleep disorders in aging since most of the current data has been mostly reported in young or adult animals.

7. DOES THE ENDOCANNABINOID SYSTEM MODULATE SLEEP DISORDERS IN THE ELDERLY? {#sec7}
===========================================================================

There is a significant amount of experimental and preclinical evidence demonstrating that the endocannabinoid system is linked with neurobiological processes related to aging. For example, murine models lacking the CB~1~ cannabinoid receptors display an early onset of learning disturbances linked with aging. These findings have contributed to the design of drugs aimed to manage age-related human pathologies *via* the endocannabinoid system elements, such as the CB~1~ cannabinoid receptors, anandamide, FAAH, AMT, amongst others \[[@r124]-[@r132]\]. We would like to describe a hypothetical framework regarding the likely modulatory role of the endocannabinoid system on sleep disorders in the elderly (Fig. **[1](#F1){ref-type="fig"}**).

7.1. The CB1 Cannabinoid Receptor {#sec7.1}
---------------------------------

Anandamide and 2-AG promote sleep *via* activation of the CB~1~ cannabinoid receptor \[[@r92], [@r112], [@r113]\]. The available literature has indicated that the CB~1~ cannabinoid receptor in aged rats seems to be decreased \[[@r125], [@r133]\].

7.2. The Endogenous Tone of Anandamide or 2-AG {#sec7.2}
----------------------------------------------

Diurnal variation of endocannabinoids has been detected in cerebrospinal fluid, pons, hippocampus, or hypothalamus in rats \[[@r134], [@r135]\]. For example, anandamide in CSF showed an enhancement during the lights-on period whereas decreased across the lights-off period in young rats whereas anandamide and 2-AG levels are decreased in aging \[[@r126], [@r136], [@r137]\].

7.3. FAAH and MAGL {#sec7.3}
------------------

It is widely accepted that anandamide is synthesized on demand and regulated by the activity of the FAAH whereas 2-AG is predominantly hydrolyzed to arachidonic acid and glycerol by MAGL \[[@r138]\]. Thus, the activity of these enzymes in the regulation of anandamide and 2-AG contents is critical. In this regard, Pascual *et al*., (2014) demonstrated that FAAH activity was decreased in the frontal cortex from patients with Alzheimer\'s disease \[[@r139]\] whereas the similar findings were reported for MAGL in Alzheimer\'s disease experimental murine models \[[@r140]-[@r142]\]. In line with this data, Piyanova *et al*., (2015) found an elevated MAGL activity during aging \[[@r143]\].

7.4. AMT {#sec7.4}
--------

As mentioned previously, the AMT behaves as a carrier-mediated transport for anandamide across the neuronal membrane. Unfortunately, limited data are available regarding the role of AMT in aging. To our understanding, the only research that has covered this issue comes from Maccarrone *et al*., (2001) who reported that mice lacking the CB~1~ cannabinoid receptor showed a significant increase in AMT with age, whereas minor changes were found in wild-type animals \[[@r142]\].

Since aging is characterized by the progressive impairment of diverse physiological functions leading to developing medical disturbances, including neurodegenerative diseases, then the study of the likely interaction of the endocannabinoid system with the mechanisms linked to age-related disturbances represents an interesting route for testing novel therapeutics. Here, we propose a conceptual framework linking the endocannabinoid system and the control of sleep disturbances in aging. However, our hypothetical proposal requires further evaluation by, for example, describing the distribution in the central nervous system of the CB~1~ cannabinoid receptor in aging and how they are altered under specific sleep disorders. Second, further evidence is required to address the modulation of the endocannabinoid system using experimental models of sleep disturbances targeting cannabinoid receptors with agonists or antagonists, increasing anandamide and 2-AG endogenous tone by the inhibition of FAAH or MAGL activity as well as the functioning of AMT. Lastly, translational studies should provide perspectives on how to bridge from basic science to human health for the developing endocannabinoid-based diagnostics and therapies for sleep disturbances in aging.

8. CANNABINOIDS SEEM TO BE PROMISING BUT WAIT! WHAT ABOUT THE LONG-TERM EFFECTS IN THE ELDERLY DUE TO THE STIMULATION BY CANNABINOIDS DURING CHILDHOOD? {#sec8}
=======================================================================================================================================================

Δ^9^-THC and cannabidiol (CBD) are the major chemicals in *Cannabis sativa*. While the first compound has been related to neurobiological disturbances, the second one does not exert psychotropic effects. Thanks to the research during the decades of the 1980s and 1990s, it was possible the characterization of the membrane binding sites for Δ^9^-THC. Currently, it is accepted that exogenous and endogenous cannabinoids bind to the CB~1~ and CB~2~ cannabinoid receptors \[[@r68], [@r69], [@r71], [@r72]\]. Due to the description of the cannabinoid receptors in human organs, including the central nervous system, the localization of these receptors correlated the behavioral effects and the administration of Δ^9^-THC \[[@r144]-[@r147]\].

Due to CBD not inducing undesirable effects, it has been considered as a promising compound in the last decades. In line with this, CBD seems to manage several medical conditions such as psychosis, inflammation, asthma, autism, and pediatric epilepsy \[[@r148]\]. In recent years, it has been suggested the clinical application of CBD for managing anxiety and sleep disturbances such as posttraumatic stress disorder \[[@r149]-[@r153]\]. Thus, as one can suspect, the accelerating acceptance of CBD-based products aimed for treating several illnesses should raise questions whether long-uses of CBD could induce adverse effects in aging.

The importance of discussing the putative long-term effects of CBD on sleep in aging lies in the evidence that shows the interaction among this compound and some elements of the endocannabinoid system. For example, current approaches have suggested that CBD behaves as a CB~1~ cannabinoid receptor negative allosteric modulator \[[@r154]-[@r157]\]. Moreover, CBD inhibits FAAH activity and modulates anandamide and 2-AG levels \[[@r158]\]. Thus, it seems reasonable to suspect that long-term exposure to CBD during early years might induce sleep disturbances in aging.

To increase awareness in regards to putative effects derived from long-term uses of CBD, various reports have demonstrated that this phytocannabinoid engages multiple neurobiological systems \[[@r148]\], including the increase of the extracellular contents of acetylcholine, adenosine, dopamine, and serotonin \[[@r159]-[@r161]\]. Since it has not been described which of these neurobiological pathways could be responsible for the presumably therapeutic properties of CBD, then multiple neurobiological routes might be engaged in the long-term prescription of this compound. Due to CBD tested exerting positive outcomes in epilepsy \[[@r162]-[@r165]\], then this phytocannabinoid has been also evaluated as a therapeutical option for managing schizophrenia, Alzheimer disease, autism, among others pathological conditions \[[@r148]-[@r150]\]. Therefore, the chronic use of CBD might cause undesirable effects in aging. To sum concerns, on-line availability and accessibility to CBD to products which do not fulfill FDA standards \[[@r166]\], could add healthy risks due to the chronic use of CBD. If used at juvenile ages, the neuronal development might be under the influence of CBD since the brain networks are still actively developing during adolescence \[[@r167]\]. Hence, the long-term use of CBD might induce neuromolecular dysfunctions if treatment extends from childhood to adulthood as previously suggested (Fig. **[2](#F2){ref-type="fig"}** \[[@r168]-[@r171]\]).

9. THE LIMITATIONS OF CURRENT EVIDENCE {#sec9}
======================================

At this date, the evidence of long-term disturbances in aging by lasting uses of CBD across childhood is limited and restricts to draw solid conclusions. We have identified that limitations of available literature include the variability of the experimental designs used animal model/clinical condition (epilepsy, anxiety, depression, *etc*), dosage (*e.g*., low *vs*. high), route of administration (central vs. peripheral), frequency of usage (chronic *vs*. acute), among other conditions \[[@r145], [@r148], [@r172]\]. Moreover, achieving longitudinal studies that show time‐varying exposure related to neurobiological effects in chronically CBD-treated subjects will provide experimental evidence to translate to medical areas where uses of CBD seems to be common such as pediatric epilepsy.

CONCLUSIONS
===========

The increase in the number of aged people around the world and age-related health disturbances is a worldwide challenge. To note, the costs of dementia in the USA was more than US\$800 billion in 2015, corresponding to a 35% increase compared to 2010 \[[@r1]-[@r6]\]. Thus, aging phenomena should promote the development of new therapeutical approaches.

During aging, the sleep-wake cycle includes abnormalities classified as sleep disorders, such as insomnia, obstructive sleep apnea, and excessive somnolence, among many others. Since projective models have indicated that the number of the oldest population would be higher, then this situation will also represent a public health challenge to assist age-related health issues, including sleep disorders. Here, we integrated the current knowledge of some sleep disorders in aging. The endocannabinoid system and its relationship with aging were revised as well. Lastly, the hypothetical link between the endocannabinoid system and sleep disorders in aging were proposed.

Moving our analysis from the endocannabinoid system and the neuronal circuits engaged on the sleep-wake cycle regulation is beyond the aim of the current Review since further complexity has been recognized by the localization of the elements of the endocannabinoid system in multiple sleep-related brain areas as well as the neuronal networks that underlie the influence of the endocannabinoid system in sleep control. Since the CB~1~ cannabinoid receptor, anandamide, 2-AG, and FAAH have been identified in sleep brain areas such as the cerebral cortex, hypothalamus and pons \[[@r173], [@r174]\], then we can assume that the endocannabinoid system might modulate the sleep-wake cycle. However, clinical implications between the endocannabinoid system functioning and sleep disturbances in aging require further investigation. Moreover, future research should focus on identifying the mechanisms of action of the multiple elements of the endocannabinoid system in aging and sleep disturbances as well as the risks of neuromolecular durable effects in aging if the chronic prescription of CBD is provided across childhood.

Given the medical regulations in several countries allowing the medicinal uses of *Cannabis sativa* or compounds derived of cannabinoids, and the on-line accessibility to *CBD,* a diversity of uncontrolled and available CBD-containing products (*e.g*. oils, foods, drinks, gums, *etc*.) on the internet, which some of them do not meet the rigorous FDA standards \[[@r168]\] would increase the influx of subjects with acute illnesses searching purported medicinal products that could cause additional concerns than resolution of these. Thus, legitimate concerns are raised about the risks of neurobiological durable effects in adulthood if CBD is prescripted during juvenile ages. Moreover, there is no solid evidence in regards to each *Cannabis sativa* ingredient, or its mixture could exert positive outcomes for treating sleep disorders.

Although a plethora of pharmacological evidence of the endocannabinoid system have recently been suggested relevant for its likely sleep-modulatory properties in aging, the possibility that some beneficial outcomes for age-related sleep disturbances regulation could be achieved by indirect mechanism such as the control of pain, anxiety, depression, among other medical conditions \[[@r175]-[@r177]\] remains to be unclear at present.
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![The endocannabinoid system in aging. The CB~1~ cannabinoid receptor, anandamide, 2-AG, monoacylglycerol lipase (MAGL), anandamide membrane transporter (AMT), and fatty acid amide hydrolase (FAAH) belong to the endocannabinoid system. Briefly, anandamide is synthesized by the activity of FAAH in the postsynaptic terminal. Next, the AMT displaces anandamide into the extracellular space to binding to the CB~1~ cannabinoid receptor. In addition, the 2-AG also binds to the CB~1~ cannabinoid receptor at the presynaptic terminal. As mentioned in the text, anandamide, 2-AG, the CB~1~ cannabinoid receptor, FAAH, and AMT participate in sleep modulation. As shown in the drawing, the CB~1~ cannabinoid receptor, anandamide, and 2-AG levels have been found decreased in aging. However, the activity of FAAH, AMT, and MAGL across aging remains to be described.](CN-18-97_F1){#F1}

![The likely long-term neurobiological effects in aging after chronic cannabidiol (CBD) usage during childhood. Due to the susceptibility of the brain in childhood, it is possible that long term prescription of CBD might cause effects in learning, memory or causing sleep disorders in aging.](CN-18-97_F2){#F2}
